DACK, G. M. (University of Chicago, Chicago, Ill.) AND G. LIPPITZ. Fate of staphylococci and enteric microorganisms introduced into slurry of frozen pot pies. Appl. Microbiol. 10:472-479. 1962.-A slurry was prepared from six frozen pot pies diluted 1:5 with distilled water, two chicken, two turkey, and two beef pies of different brands. This slurry formed a reference sample and was placed in sterilized jars, frozen, and used as needed throughout the experiments. A second slurry was prepared in a similar manner from a frozen beef pot pie and a chicken pot pie, and was used as a control in only one experiment. The total count of microorganisms and the number of coliforms, Escherichia coli, salmonellae, and coagulasepositive staphylococci per gram were determined. Samples of slurry were inoculated in decimal dilutions with one or more of the following: Salmonella typhimurium, E. coli, and a strain of staphylococcus that causes food poisoning. The natural flora was found to exert an inhibitory effect upon the growth of the added microorganisms after incubation at 35 C for 18 hr. The inhibitory effect on growth was in part due to pH. The predominating organism isolated from the natural flora after incubation was a lactobacillus, which, when added in mixture with the test organisms in sterilized slurry, did not exert the profound inhibitory effect observed in the case of the natural flora. Some factors which may be concerned with
the inhibition were investigated.
The subject of this investigation arose in a joint discussion of a committee of the Food and Drug Officials of the United States and a committee from the National Association of Frozen Food Packers held in Dallas, Texas, on 4 June 1960 concerning microbiological standards for precooked frozen foods, i.e., how many coagulase-positive staphylococci should be permitted per gram of food. After this meeting, two papers appeared by Peterson, Black, and Gunderson (1962a, b) on staphylococci in competition with the natural flora in precooked frozen foods during defrosting as well as in mixed cultures in artificial medium.
The purpose of this investigation was to determine the significance of numbers of food-poisoning staphylococci and salmonellae when in competition with the natural flora of such products. Obviously, in the frozen state no problem is involved; but, if the products were mishandled or insufficiently cooked, the question of what would happen to potential food-poisoning microorganisms is of public health significance.
MATERIALS AND METHODS
To obtain samples which would represent natural flora and yet be uniform, two slurries were prepared. The first slurry, upon which most of the work was based, consisted of six frozen pot pies: two chicken, two turkey, and two beef pies of different brands. These samples were pooled, diluted to 1:5 with sterile distilled water, and blended for 2 min. All of the pie, including the crust, was used.
This stock sample was placed in four 250-ml amounts in sterile flasks and (the remainder) in 50-ml amounts in sterilized jars and frozen. Each jar contained 10 g of the pooled sample.
The second slurry was prepared from two frozen pies from different manufacturers: one a beef pot pie and the other a chicken pot pie. Slurry 2 was prepared in exactly the same manner as slurry 1, and it also represented a 1:5 dilution of the combined whole pie samples.
A detailed microbiological study was made of the two slurries to determine the total count, the number of coliform microorganisms, the number of coagulase-positive staphylococci, and the presence of Salmonella.
When the 250-ml frozen samples were used, they were thawed in the refrigerator at 4 C for 24 hr. Samples of the two slurries were tested after defrosting. Separate samples were defrosted and incubated for 18 hr at 35 C to compare them with the defrosted samples which were not subsequently incubated.
From the 250-ml quantities, 175 ml of slurry were removed for Salmonella examination; the remaining 75 ml left in the flask were diluted to make a 1:10 dilution. From this dilution, further decimal dilutions were made, up to 1:1 million. The total count was made by plating decimal dilutions in duplicate in BBL Milk Protein Hydrolysate-glucose-agar (MPH). The plates were incubated at 35 C and counted after 48 hr; the E. coli were determined by plating decimal dilutions in triplicate in Difco Violet Red Bile Agar (VRB); when the agar was hardened, it was coated with an additional 4 ml of VRB. The red colonies were counted after 20 hr of incubation at 35 C. Single red colonies were transferred to both 472 Difco Lactose Broth fermentation tubes and Difco Tryptose-Lactose-Bile Salts (EC). Fermentation tubes of Lactose Broth were incubated for 24 hr at 35 C; EC medium was incubated in a water bath at 44.5 C. If growth occurred in the EC medium and gas was produced in Lactose Broth cultures, the Lactose Broth culture was streaked on Difco Eosin Methylene Blue Agar (EMB) plates. If typical "metallic sheen" colonies developed in plates incubated at 35 C for 20 hr, the cultures were gram stained; and, if gram-negative rods, they were considered to be Escherichia coli.
The tests for staphylococci were made by inoculating tubes of Beef Heart medium containing 10% sodium chloride with decimal dilutions of slurry and incubating for 48 hr at 35 C. If growth occurred, these cultures were streaked on Staphylococcus Medium No. 110 (Difco) and incubated for 48 hr at 35 C. Isolated yellow or white colonies on 110 Medium were fished and placed in 1 ml of Nutrient Broth in a culture tube and incubated for 18 hr at 35 C; 0.2 ml of this culture was transferred to small sterile tubes containing 0.5 ml of diluted Coagulase Plasma (Difco). The plasma tubes were incubated for 3 hr at 35 C and observed for coagulation. Each colony used in the coagulase test was examined by use of the Gram stain.
The Salmonella tests were made on the 175-ml portions of slurry; three 50-ml, three 5-ml, and three 0.5-ml samples of slurry were inoculated into Lactose Broth. For the 10-g samples, a 50-ml portion was inoculated into 50 ml of double-strength Lactose Broth. For the 1-g samples, 5 ml of slurry were added to 95 ml of Lactose Broth; for the 0.1-g samples, 0.5 ml of slurry was added to 9.5 ml of Lactose Broth. After incubation for 24 hr at 35 C, 1 ml of culture was transferred to 10 ml of Selenite-F Enrichment (BBL) plus 10 gg/ml of cystine (North and Bartram, 1953) . After incubation for 18 hr at 35 C, the Selenite-F Enrichment cultures were streaked on Brilliant Green Agar (BBL) plates. The plates were observed after 18 hr for the nonlactose-fermenting colonies typical of Salmonella.
RESULTS
The results of the microbiological tests on the basic slurry samples are summarized in Table 1. MIost of the work, except for that reported in Tables 4 and 5, involved the use of slurry 1. Slurry 2 was used to obtain the data given in Tables 4 and 5. In the tests, the slurry was diluted and used with the natural flora which it contained. Tests were also made with slurry which had been sterilized by autoclaving at 15 psi for 45 min.
Preparation of cultures inoculated into slurry. The E. coli strain was obtained from the curator in the Department of Microbiology. This strain was labeled E. coli 1. Strain 196E of Staphylococcus aureus was used unless otherwise stated. This is a food-poisoning strain which is coagulasepositive. Salmonella typhimurium was obtained from the curator of the Department of Microbiology.
Broth cultures (0.1 ml) were transferred weekly to tubes of fresh Nutrient Broth. These broth cultures were incubated for 4 days at 35 C, after which time they were used to seed the slurry. The number of microorganisms in the inoculum was determined by periodic counts of the stock culture. The 50-ml jars of frozen stored slurry, when used, were held at room temperature for 90 min, after which they were diluted to 1:2, making the final 1:10 dilution; 10 ml of the diluted 1:10 slurries were pipetted into sterile tubes, and each tube was inoculated with test organisms. These tubes were inoculated with decimal dilutions from the test strains ranging from 10 test organisms per g to 1 million per g, and were then incubated for 18 hr at 35 C. A control slurry was autoclaved, placed in tubes, inoculated with decimal dilutions of the test organisms, and incubated for the same period. In the test involving unautoclaved slurry, an unseeded control was included. Combinations of the test organisms, as indicated in the tables, were inoculated into the slurry (Tables 2-9).
The seeded slurry cultures were tested by the following microbiological procedures in determining total count, number of coliforms, number of coagulase-positive staphylococci, and number of S. typhimurium.
The total count was made exactly as described for the test slurries except that it was not done in duplicate.
Since the basal slurry medium had been tested and was found to be free of E. coli, and since the inoculum was E. coli, the test for this organism involved plating decimal dilutions in VRB, using the plating method as described for the slurry. When red colonies were picked from each dilution and inoculated into EC broth and incubated for 24 to 48 hr at 44.5 C, growth on EC broth was considered indicative of E. coli.
Staphylococci were determined by inoculating decimal dilutions into 10 ml of Cooked Meat Medium (Difco) plus 10% NaCl, and incubating for 48 hr at 35 C. The Cooked Meat cultures were streaked onto Staphylococcus Medium No. 110 and incubated for 24 hr at 35 C. A typical staphylococcus colony from each dilution was tested for coagulase in the same manner as described for the slurry. Salmonellae were determined by inoculating decimal dilutions into 10 ml of Lactose Broth and incubating for Thawing 400,000 1,000 280* 0 Incubation 230,000,000 1,000,000 2,800* 0 * Some of these were E. coli but the numbers were not determined. 24 hr at 35 C; 0. 1 ml of the Lactose Broth culture was transferred to 10 ml of Selenite-F Enrichment-cystine broth and incubated for 18 hr at 35 C. The resultant cultures were streaked on Brilliant Green Agar plates and incubated for 18 to 24 hr at 35 C. A typical colony from each dilution was examined serologically using group B agglutinating serum. The results of these experiments are given in Tables 2-7. In prelimninary tests, the pH of a sterilized (autoclaved) 1: 10 dilution of slurry was adjusted with 0.85 % phosphoric acid to the following levels: 4.0, 4.10, 4.30, 4.50, 5.00, 5.5, and 5.8. The slurry was then placed in sterile culture tubes. One series of tubes was seeded with about 100 cells of S. typhimurium per g of undiluted slurry, one with about 100 E. coli, and the third series with about 100 S. aureus. The tubes, after inoculation, were incubated for 18 hr at 35 C, and then plate counts were made. Salmnonella grew slightly at pH 4.0 and 4.1, with increasing growth at pH 4.3 and 4.5. E. coli failed to grow at pH 4.0, 4.1, and 4.3, but did grow at 4.5 although not as well as at pH 5.0 and higher. Staphylococci failed to grow at pH 4.0, 4.1, and 4.3, and grew slightly at pH 4.5. Good growth of staphylococci occurred at pH 5.0 and above.
Experiments were repeated, inoculating tubes of slurry with known numbers of staphylococci and E. coli, as well as with Salmonella and E. coli. Duplicate tests were made with slurry containing the natural flora and with sterilized slurry. In these tubes, the pH was recorded after 6 and 18 hr of incubation at 35 C (Tables 8 and 9 ). slurry along with decimal dilutions of E. coli, S. typhimurium, and S. aureus. In addition to these organisms, six food-poisoning strains of staphylococcus were tested. The results are given in Tables 10-14; it is apparent that the predominant organism, alone or in combination with the test organisms, did not exert an effect comparable with that of the natural flora. The data are not presented for the other three organisms isolated, which were outnumbered in the slurry by the predominating lactobacillus, since they did not exert any effect on the growth of S. aureus 196E.
DISCUSSION
The natural flora of frozen pot pies has an inhibitory effect upon the growth of a food-poisoning strain of staphylococcus, S. typhimurium, and E. coli inoculated into a slurry made from the pies and incubated for 18 hr at 35 C. The effect is greater on S. aureus and less marked on the growth of E. coli. The effect of E. coli on the growth of staphylococci can be demonstrated after the natural flora is eliminated by sterilizing the slurry. The inhibitory effect is not as pronounced as when the natural flora is present. Abundant growth of E. coli occurred when inoculated into sterilized slurry along with S. aureus.
In the case of S. typhimurium, the natural flora was inhibitory to the growth of this organism. S. typhimurium was not inhibited by E. coli unless the E. coli vastly outnumbered it, as indicated in Tables 6 and 7. The reason for the inhibition of Salmonella, E. coli, and S. aureus in a slurry containing the natural flora was at first thought to be pH but this is only one of a number of factors to be considered. The predominate organism as well as three other organisms isolated from incubated slurry, when tested with the staphylococcus, E. coli, and S. typhimurium, failed to explain the inhibitory phenomena. Levine and Tanimoto (1954) showed that certain strains of E. coli produce "colicines," which exert an antagonistic effect against other bacteria. Flippin and Mickelson (1960) and Mickelson and Flippin (1960) , in desugaring egg-white, made use of a strain of E. coli which is antagonistic to the growth of Salmonella. ~~~~~~DACKAND LIPPITZ Peterson et al. (1962a, b) found it was not possible to promote growth of appreciable numbers of staphylococci under any condition of defrost in chicken pot pies. In macaroni and cheese frozen dinners defrosted at room temperature after extended incubation, spoilage microorganisms developed and staphylococci attained large numbers but only after spoilage was advanced. These authors further studied staphylococcus multiplication in artificial mediu-m in mixture with saprophytic and psychrophilic bacterial species, and found that staphylococci grew less as they were outnumbered in the inoculum. The question of the number of food-poisoning staphylococci required to produce sufficient enterotoxin to cause illness has not been answered as yet, and certainly would depend on the ability of a strain to produce a potent enterotoxin. In one airline outbreak (Morbidity and Mortality Weekly Reports, 1961) , 11 million staphylococci per g were reported in the incriminated food.
If the data in this paper are evaluated on the assumption that staphylococci must multiply in food to at least 10 million organisms per g, to produce enough enterotoxin to cause illness when the food is eaten, it may be seen in Table 2 (slurry 1) that at no time was this number attained even when million food-poisoning staphylococci per g were in the inoculum. In the uninoculated slurry 1, which was incubated at 35 C for 18 hr, the number of naturally occurring staphylococci rose from 100 per g to 10,000 per g. However, in the case of slurry 2, which had a total count of 400,000 microorganisms per g and 1,000 coagulase-positive staphylococci per g at the time of defrosting after incubation at 35 C for 18 hr, the staphylococcus count increased to 1 million per g. Slurry 2 was prepared from a product which was of lower quality than slurry 1, indicating mishandling in storage, in shipping, or in its production. When this slurry was seeded with 1 million staphylococci and 100 E. coli per g and incubated at 35 C for 18 hr, a count of 10 million per g of coagulasepositive staphylococci was obtained (Table 4 ). In a similar test, except for the fact that 1 million E. coli were inoculated with the same number of staphylococci, the staphylococci did not increase in number (Table 4) . Although, in preliminary tests, a pH of below 4.5 was unfavorable to growth, it is evident (Tables 8 and 9) that the lower pH values are not reached until some time after 6 hr of incubation at 35 C.
The predominating lactobacillus isolated from slurry 1l when inoculated into sterilized slurry with varying numbers and strains of staphylococci (Tables 10 and 11) , inhibited the growth of staphylococci, usually when it greatly outnumbered the staphylococcus inoculum, but the inhibition was much less than in those cases where the entire flora was represented. The inhibitory effect of the natural flora with a total count of 19,000 organisms per g was profound, even when vastly outnumbered by S. typhimurium, E. coli, or S. aureus in the inoculum.
The effectiveness of the normal flora in slurry 1 in inhibiting growth of added microorganisms may be due to synergism of organisms in the natural flora. Since microorganisms of the natural flora were isolated only after 18 hr of incubation, the inhibition and the flora pattern earlier in the incubation period may be different and may offer a clue to the cause of inhibition. 
